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LYNN A. MAHONY, MD, FACC,* BRUCE F. WALLER, MD, FACCt
Indianapolis. Indiana
This report describes an 8 day old infant with pulmonary
valve atresia, hypoplastic and hypertensive right ven-
tricle and myocardial sinusoid-left anterior descending
coronary artery connections. A large right ventricular
sinusoid complex developed that was associated with
transmural right ventricular necrosis and cardiac rup-
ture. This is the first report to document transmural
Angiographic and necropsydescriptionsof communications
between the right ventricle and epicardial coronary arteries
in patients with pulmonary valve atresia have been well
documented since the reports by Grant (I) and Williams et
al. (2). Myocardial sinusoids may serve as conduits for the
egress of blood from a hypertensive and hypoplastic right
ventricle to the epicardial coronary arteries in patients with-
out tricuspid regurgitation. Although right ventricularmyo-
cardial ischemia has been postulated to occur in this con-
dition (3), necropsy reports of transmural right ventricular
necrosis are lacking. This report describes an infant with
pulmonary valve atresia and right ventricular-coronary ar-
tery connections who had transmural infarction and sub-
sequent right ventricular rupture.
Case Report
Clinical findings. A 38 week gestation female infant
was born on April 22, 1982, and died from cardiac tam-
ponade8 days later. At 8 hours of age. she becamecyanotic
despite the administration of 100% inspired oxygen. Pre-
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myocardial infarction and rupture in pulmonary valve
atresia with intact septum, and this condition should be
added to the causes of myocardial infarction in infancy.
Areduced number or caliber of sinusoid-coronary artery
channels may be responsible for right ventricular dam-
age in this condition.
cordial examination disclosed a single second heart sound
and a grade 2/6 systolic ejection murmur heard loudest at
the left sternal border. Chest radiography showed mild car-
diomegaly and decreasedpulmonaryvascular markings. An
electrocardiogram (Fig. I) had ST segment and T wave
changes consistent with myocardial ischemia, and a two-
dimensional echocardiogram disclosed a hypoplastic right
ventricle and tricuspid valve as well as an atretic pulmonary
valve.
The infant underwent cardia c catheterization and the
following pressures were recorded: right atrium, 5/0 mm
Hg; right ventricle, 118/13 mm Hg; left atrium, 10/0 mm
Hg and left ventricle, 52/1 mm Hg. Cineangiography con-
firmed a hypoplastic tricuspid valve and right ventricular
cavity and pulmonary valve atresia. Sinusoidal channels
between right ventricular myocardium and the left anterior
descending coronary artery were observed on a right ven-
triculogram, some of which converged into a large dilated
sinusoid complex within the right ventricular wall (Fig. 2A
and B).
A Blalock-Taussig shunt was created on the second day
of life. and the infant did well postoperatively. Seven days
after surgery, she suddenly became cyanotic and brady-
cardic and died despite resuscitative efforts.
Necropsy findings. The pericardial sac was firm and
distended with 30 ml of blood. A focal area of right ven-
tricular free wall was necrotic and had ruptured into the
pericardial space (Fig. 2C and 0) . A large, tortuous left
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Figure 1. Electrocard iogram obtained at I day of life showing
abnormal ST segment and T wave changes.
anterior descending artery coursed over the anterior ven-
tricular groove and penetrated the myocardium at the ven-
tricular apex (Fig. 2 and 3). The pulmonary valve was
atretic, the tricuspid valve and right ventricle were hypo-
plastic and the ventricular septum was intact. The atrial
septum hada valvular competent foramen ovale. Grossly
visible myocardial sinusoid channels extended from the tiny
rightventricleand fromthe left anteriordescending coronary
artery to converge in a dilated right ventricular sinusoid
complex (Fig. 2A, B, D and 3). The right ventricular free
waIl covering this sinusoid cavity was necrotic and had
ruptured (Fig. 2C and 3). The remaining portions of right
and left ventricular myocardium were free of necrosis and
fibrosis.
Comments
Myocardial sinusoidal-coronary ar tery connections in
pulmonary valve atresia. In patients withpulmonaryvalve
atresia without associated ventricular septal defect, egress
of blood from a blind-ended right ventricle may take two
courses: I) during right ventricular systole, blood may re-
gurgitate through an incompetent tricuspid valve into the
right atrium, and hence, across a patent foramen ovale into
the left atrium, left ventricle and the systemic circulation;
or 2) blood may be pumped during ventricular systole from
a hypertensive right ventricle with a competent tricuspid
valve into myocardial sinusoids (3,4). Angiographic and
histologic studies of these myocardial sinusoids suggestthey
may either end blindly within the right ventricular myocar-
dium (5) or may communicate with the epicardial coronary
arteries (2,6). Freedom and Harrington (3) postulated that
sinusoid-coronary artery connections may impair diastolic
fiIling of the epicardial coronary arteries and, therefore,
produce ventricular ischemia. Despite this postulate, how-
ever, previous morphologicreports have notdescribedtrans-
mural right ventricular necrosis associated with these sin-
usoid-coronary artery connections.
In 30 previous reports (1- 2,5- 32) of at least 332 ne-
cropsy patients with pulmonary valve atresia and intact ven-
tricular septum (Table I), information regarding right ven-
tricular-coronary artery communication was available in 39
patients (12%) (I ,2,5,6, 12,14- 16,19-2 1,23-25,28,30,32).
Angiographic visualization of the sinusoids during life was
described in 28 of the 39 necropsy patients (Table I). At
autopsy, transmural right ventricular necrosis or fi brosis was
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Figure 2. A and B, Frames from a right ventricular angiogram
showing myocardial sinusoid connections to a tortuous and dilated
left anterior descending (LAD) coronary artery. A few sinusoid
channels coalesce ina dilated right ventricular (RV)sinusoidcom-
plex (SC). C, Photograph of the anterior surface of the heart
not described in any of the 39 patients with myocardial
sinusoids or in the remaining 293 patients without recog-
nized sinusoid complexes. Two patients (Cases 13 and 28)
had subendocardial right ventricular scarring and one (Case
28) of the two patients also had focal left ventricular sub-
endocardial scarring. Although one patient had extensive
showing a tortuous anddilated leftanterior descending artery and
the site of sinusoid complex rupture (arrows). D, View of the
right ventricle (RV) showing the sinusoid complex and a sinusoid
channel (thick arrow) connecting the right ventricle and sinusoid
complex. Ao = aorta.
myocardial hemorrhage at necropsy, this damage resulted
from a fatal intramyocardial injection of contrast material
(21). Thus, our patient appears to be the first with docu-
mented transmural right ventricular necrosis associated with
pulmonary valve atresia with intact ventricular septum and
sinusoid-coronary artery connections.
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PV At res ia W ith Int ct V ntricular Septum PV Atre sia W ith Intact Ventr icular Septum
and Myocard ia l S inuso id -LAD Coronary
Artery Connect ion s
Dileted . tortuous LAD
PV trelie With Intact Ventricular Septum
and RV Fre. Wall uptur.
Marked ly d ilated
sinu soid rupturing
through RV 'r~ wall Dil ated . tortuou s LA 0
Figu re 3. Diagram illustrating the formation and co nsequences
of a large myocard ial sinuso id co mplex in a patient with pulm onary
valve CPV) atres ia . intact ventricular septum and co mpetent tri-
cuspid valve . pper , Fewe r and sma ller sinusoid -coronary artery
connec tions. or mult iple blind-end ed sinuso ids . may reduce the
exit of blood fro m the right ventric le CRY) and cause d ilation of
one or more sinusoi d channels to form a sinusoi d complex . Lower ,
Increasing volume and pressure with in the sinusoid complex may
result in surroundi ng myocardi al ischemia. necrosis and rupture .
Ao = aorta: LA = left atrium: LAD = left anterior descending
arte ry: LC = left circumfl ex artery : LV = left ventricle: PT =
pulm onary trunk; RA = right atrium; RC = right coronary artery.
Pathogenesis of myocardial infarction and rupture.
Why myocardial infarction and subsequent ventricular rup-
ture occurred in our patient and not in similar patients pre-
viously reported on is unclear . Certain factors , however,
may be postulated that might result in this event. A reduced
number or diminished caliber of sinusoid-coronary artery
connections, or multiple blind-ended sinusoids, may reduce
the exit of blood from the right ventricle. In the absence of
tricuspid regurg itation , fewer and smaller sinusoid-artery
channel s, or sinusoids without arterial connections, may
promote dilation of one or more sinusoid channels to form
a larger sinusoid complex (Fig. 2A and 3). Pumping of
blood into a large dilated sinusoid cavity from a hypertensive
right ventricle during ventricular systole and from the left
anterior descending artery during ventricular diastole (4,33) ,
coupled with a reduced number of exits , could lead to further
dilation and increased sinusoid cavity pressure. Develop-
ment of a vicious cycle of increasing sinusoid volume and
pressure may result in surrounding myocardial ischemia,
necrosis and subsequent sinusoid rupture (Fig . 3, lower).
Trauma from right ventricular catheter insertion or right
ventriculography are also possible factors in the pathogen-
esis of myocard ial necrosis and sinusoid comple x rupture .
However , these factors are unlikely in our patient in view
of the absence of catheter pressure damping and intramyo-
cardial injection s of contrast material , and an unchanged
electroc ardiogram and clinical status in the immediate po-
stcatheterization period.
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Table 1. Previously Reported Findings in Necropsy Patients With Pulmonary Valve Atresia Without Ventricular Septal Defect
Reference Year No.
Size of Cavity RV-CA Connection T RV Damage
(first author) Published PIs s NI ~ NI At Necropsy By Angio CA Involvement N F Rup
Hunter(7) 1783 I
Hare(8) 1852 I
Peacock(9) 1869 I
Grant(l) 1925 I + 0
Abbon(10) 1927 7
Steiner(II ) 1937 I 0 0 0 0
Craig(12) 1949 I + 0 0 0
Allanby(l3) 1950 I 0 0 o- 0
Williams(2) 1951 I + R,Le. 0 0 0
Currarino(l4) 1959 I + R 0 0 0
Muir(15) 1960 2 + R 0 0 0
Davrgnont lo) 1961 2 I I I" I LAD 0 0 0
Davignon(6) 1961 20 13 7 9" 9 0 0 0
Schrire(l7) 1961 2 0 2 0 0 0 0 0 0
Benton(l8) 1962 12 6 6 0 0 0 0 0
Ellion(l9) 1963 12 9 4 4" 0 LAD 0 0 0
Kauffman(20) 1963 I + 0 R,L 0 0 0
Lauer(5) 1964 3 r 2 R,LAD 0 0 0
Comell(2l) 1966 2 2 0 2 2 LAD 0' 0 0
Gersony(22) 1967 12 10 2 0 0 0
Cole(23) 1968 39 35 4 4 4"/8 0 0 0
Ogden(24) 1968 I I 0 + R
Celermajer(25) 1968 6 4 2 2 2"/4 0 0 0
Shams(26) 1971 36 36 0 0 0 0
Bowman(27) 1971 7 5 2
Lenox(28) 1972 I I 0 I I R,L 0 ()d.e 0
Freedom(29) 1978 60 48 0 0 0 0 0
Keith(30) 1978 60 " M" 6 6
Zuberbuhler(31) 1979 37 14 J J
Blackman(32) 1981 I I 0 + 1 LCx 0 0 0
Total(%) 332 186 30 39(12) 28(8) 7R,4LAD,2L,2LC 0 0 0
a Normal or small-sized RV cavity. b Sinusoids ended blindly in the third patient. ' Extensive myocardial hemorrhage from fatal intramyocardial
injection of contrast media. d Subendocardial scarring. ' Subendocardial scarringof left ventricle. f Several grossly-visible dilated sinusotds with large
left anterior descending and right coronaryarteries in 13 patients.
Angio = right ventricular angiography; CA = epicardial coronary artery; F = fibrosis; L = left coronary; LAD = left antenor descending; LCx
= left circumflex; M = majority; N = necrosis; NI = normal; PIs = patients; R = right; Rup = rupture; RV = right ventricle; T RV = transmural
right ventricular.
Implications. Angiographic visualization of a dilated
myocardial sinusoid complex in a patient with pulmonary
valve atresia with intact atrial and ventricular septa and
without tricuspid regurgitation should alert one to possible
development of myocardial necrosis and sinusoid complex
rupture. Potential protective benefits of reducing intra-
sinusoid pressure by creation of a systemic-arterial shunt,
atrial septostomy, pulmonary valvulotomy or combinations
of these procedures (34) remain unproven.
Thus, in patients with pulmonary valve atresia without
ventricular septal defect, intramyocardial sinusoids may
communicate with epicardial coronary arteries or end blindly
within myocardium. A reduced number or caliberof cavity-
epicardial coronary artery communications may result in
right ventricular necrosis and rupture.
Weare gratefulfor theartistictalentsof GeorgeBuckley and thesecretanal
assistance of Janet Chastain.
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